Abstract-Isoflurane is the most commonly used anesthetic in mice. We studied the effect of low and high levels of isoflurane (also a potent coronary vasodilator) on aortic impedance in mice. Aortic impedance was determined using pressure and flow velocity signals at baseline (B, pentobarbital anesthesia), low (Iso1, 1%), and high (Iso2.5, 2.5%) levels of isoflurane. Significant differences were observed in peak and mean flow velocities, systolic, diastolic, mean and pulse pressures at B and Iso2.5. However in impedance indices only peripheral vascular resistance was significantly different. No changes were observed in the harmonic components that represent pulsatile characteristics of the aorta. Peak left ventricular (LV) pressure was significantly lower at Iso2.5 when compared to B, but ±dP/dt and τ (time constant of LV relaxation) did not change significantly indicating that LV contractility was unaffected. These results show that various levels of isoflurane cause significant changes in vascular hemodynamics and care must be taken to minimize these differences when using isoflurane as an anesthesia.
I. INTRODUCTION
XPERIMENTAL studies to measure cardiovascular signals in mice require anesthetizing these animals in many cases. One of most commonly used anesthetic is isoflurane gas, usually administered in combination with either oxygen or room air. It is well know that any anesthesia affects mouse hemodynamics and isoflurane is no exception. Previously we showed that isoflurane is potent coronary vasodilator [1] . Other investigators reported that there is a general decrease in the heart rate and other cardiac indices when anesthesia is administered to conscious mice [2] but the influence of various levels of isoflurane on arterial hemodynamics in mice anesthetized with pentobarbital sodium is not known. Here, we studied the effect of low and high levels of isoflurane on aortic impedance in mice. Aortic impedance is typically calculated using pressure and flow signals. However to determine aortic impedance independent of body weight or size, we used velocity instead of flow [3] . 
II. METHODS
Five wild type mice (aged 2 months) were used in the study. Mice were anesthetized with pentobarbital sodium given intraperitoneally (4 mg/ml, 10 µl/g body weight of mouse). The neck and xiphoid areas were shaved and the mouse was placed in a supine position with its paws taped to electrodes on an ECG board. The right carotid artery of the mouse was isolated, tied off distally, and the proximal end was temporarily closed. A small cut was made in the artery and a 1F Millar catheter (SPR1000, Millar Instruments, Inc., Houston, TX) was inserted and was held in place with a suture tied over the artery-catheter overlap region. The proximal end of the artery was then opened and the catheter was advanced into the aorta. Aortic blood velocity was measured with a 20 MHz pulsed Doppler probe placed externally with its sample volume ranged to be at the same location as the pressure sensor in the aorta [3] . We measured aortic flow velocity and blood pressure in each anesthetized mouse (baseline B) and with interventions of 1% isoflurane (Iso1) mixed with oxygen and 2.5% isoflurane (Iso2.5) mixed with oxygen as interventions. Then the catheter was advanced into the LV. Again, pressure was measured at B, Iso1 and Iso2.5. A two-second long segment of blood pressure and quadrature Doppler audio signals was acquired by a Doppler signal processing workstation (Indus Instruments, Houston, Texas). Peak velocity envelope and blood pressure signals were extracted from the stored data file, and a DFT was performed on each signal to obtain magnitude and phase spectra. The modulus of input impedance was then calculated as |Z i | = |P|/|V avg |, where |P| and |V avg | are the pressure and average luminal velocity moduli, respectively. From impedance modulus, peripheral vascular resistance (Z 0 ), impedance at 1 st harmonic (Z 1 ), and characteristic impedance (Z C , average of 2 nd -10 th harmonics) were calculated [4] . Systolic (ABPsys), diastolic (ABPdias), mean (ABPmean) and pulse (APP) pressures were obtained from aortic pressure signals. Peak (PeakAFV) and mean (MeanAFV) velocities were obtained from aortic velocity signals. Peak pressure (PeakLVP), ±dP/dt, and τ (tau) were calculated from LV pressure signal. Data are presented as mean±SEM.
III. RESULTS
The results are summarized in Table I . We found that the heart rate did not change significantly from B at Iso1 or Iso2.5. In general pressures decreased and flow velocities increased with interventions of isoflurane with greater changes occurring at Iso2.5 when compared to B. PeakAFV and MeanAFV were higher and ABPsys was lower at Iso1 when compared to B. While Z 1 and Z c were unchanged Z 0 decreased significantly from B to Iso1, and from Iso1 to Iso2.5. Pulse wave velocity (PWV) was calculated using the equation Z C =ρ·PWV, where ρ is the density of blood [3] .
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TABLE I Summary of hemodynamic data from 5 WT mice.
IV. DISCUSSION
The gas, isoflurane is now widely used to anesthetize mice during experimental studies but it is not as widely recognized as a potent coronary vasodilator in mice. We previously reported that coronary flow velocity in mice increases as much as 3 times when the administered level of isoflurane (mixed with oxygen) is increased from 1% to 2.5% [1, 4] . However, how the various levels of isoflurane affect arterial hemodynamics. In order to delineate the effects of isoflurane levels we used pentobarbital sodium as a baseline anesthesia and used Iso1 and Iso2.5 as interventions. In doing so, we made the assumption that the interaction between pentobarbital sodium and isoflurane is minimal.
The results showed that impedance values were comparable to those previously reported by us [3] . Also, the values of PWV calculated using Zc are comparable to those reported by us in mice [3, 5] . While significant changes occur in aortic velocity and pressure with the administration of 2.5% isoflurane, aortic impedance indicates that the pulsatile component of the aorta is unchanged. However, the resistance of the peripheral vascular network seemed to decrease significantly. This means that the peripheral circulation is enhanced. Left ventricular pressure decreased significantly at Iso2.5 but there were no significant changes in contractility (+dP/dt) or relaxation (-dP/dt) of LV.
V. CONCLUSION
This results of this study shows that higher levels of isoflurane cause significant decreases in the resistance of the peripheral vascular system. So, one has to carefully consider the choice of other anesthetic agents instead of isoflurane when conducting perfusion studies in myocardium or other tissues.
